Background and Purpose-Power-motion transcranial Doppler PMD-TCD is a new method for simultaneous display of flow at multiple depths. We aimed to determine clinical significance of PMD-TCD demonstration of reversed basilar flow in patients with basilar artery (BA) occlusion. Methods-We prospectively evaluated patients with acute vertebrobasilar ischemia using PMD-TCD. Using a predefined set of TCD depth criteria and specific flow findings, occlusion was localized to the proximal, middle, or distal BA stem. The National Institutes of Health Stroke Scale was used to measure stroke severity and the modified Rankin Scale (mRS) to assess outcome at 3 months. Results-BA occlusion was diagnosed in 16 patients (3 women, mean age 65, median NIHSS 8, mean time from symptoms onset 8.5 hours). PMD-TCD diagnosis of BA occlusion was confirmed in 11 of 12 patients who underwent invasive angiography. Reversed BA flow on PMD-TCD was identified in 8 patients (50%). Angiography confirmed flow from carotid system in 6 of these 8 patients (ϭ0.87). Patients with reversed BA flow showed lower NIHSS scores on admission (median 4 versus 15.5, Pϭ0.009), on discharge (2 versus 21.5, Pϭ0.03) and did not experience neurological deterioration during hospital stay (nϭ0 versus 4, Pϭ0.05). There was a trend toward better outcome at 3 months (mRS 1 versus 4, Pϭ0.07). 
H istorically, acute basilar artery (BA) occlusion has been regarded as a rare event, leading to mostly fatal brain stem infarctions. 1,2 However, with development of new imaging techniques, [3] [4] [5] [6] [7] its identification became more frequent, pointing to potentially less malignant natural history. 8, 9 The benefit of thrombolytic therapy, if given early in selected patients, has been established as potentially lifesaving. 10 -12 Clinicians are seeking predictors for negative outcome 10, 13, 14 to select patients for aggressive treatment. Reliable and quick diagnostic techniques are therefore necessary not only for fast confirmation of BA occlusion but also for identification of those patients at higher risk of poor outcome as candidates for interventional treatment.
Angiographic findings of length of BA occlusion or state of collaterals have previously been shown as potential predictors of outcome. 10 Transcranial Doppler sonography has also been used to confirm or exclude acute basilar occlusion; however, its reliability compared with other imaging techniques has been questioned. 4, 15 Power-motion Doppler (PMD-TCD or M-mode), invented by Moehring and Spencer, 16 displays the artery flow at multiple depths and allows detection of acute occlusions in the anterior circulation with excellent agreement with invasive angiography. 17 The usefulness of PMD-TCD for diagnosis of basilar occlusion is still not validated.
The aim of our study is to validate the use of PMD-TCD for detection of acute basilar occlusion and reversed flow in the basilar artery as a sign of good collateral flow.
Subjects and Methods
We selected consecutive patients with acute ischemic stroke who underwent urgent ultrasound transcranial examination between September 2001 and February 2003. Those who presented baseline PMD-TCD documented BA occlusion were included into the study. We excluded patients whose time of onset was Ͼ24 hours.
On arrival in the emergency department, patients underwent standard clinical, neurological, and cardiologic examination; ECG; blood chemistry; and noncontrast CT. A complete PMD-TCD examination to assess the intracranial arteries' patency status was performed using a standard scanning protocol 18 (Figure 1 ). BA segments were defined according to insonation depth as proximal (Ͻ85 mm), mid (85 to 95 mm), and distal (Ͼ95 mm). We used TCD 100 U by Spencer Technologies. An experienced sonographer (A.V.A., Z.G.) identified reversed BA flow as a low-resistance signal directed toward the probe between the depths of 80 to 100 mm in the absence of antegrade basilar flow signals. If extracranial ultrasound examination confirmed the absence of any significant stenosis or hypoechoic plaques in carotid arteries, carotid tapping could be performed to confirm anterior circulation flow ( Figure  2 ). Presumed thrombus location and residual flow signals were determined by the presence of abnormal flow signals using the Thrombolysis In Brain Ischemia (TIBI) 19 flow grading system. Complete occlusion was considered when TIBI grades were 0 to 1. Location of occlusion was determined: proximal, mid, and distal.
We obtained a detailed history of vascular risk factors from each patient. Urgent CT angiography, MRI/MR angiography (MRA), or digital subtraction angiography (DSA) was performed shortly after PMD-TCD examination when clinically indicated. DSA with selective injection of the common carotid and vertebral arteries was performed with femoral artery approach. Sites of segmental BA occlusion were classified according to Archer and Horenstein anatomy-based criteria 20 : proximal, from the vertebral artery junction to the origin of the anterior inferior cerebellar arteries; mid, from the origin of the anterior inferior cerebellar arteries to the origin of the superior cerebellar arteries; and distal, at the top of the BA. Reversed flow in BA was identified when injection of contrast in the carotid arteries allowed visualization of collateral flow in the distal BA.
Patients were treated according to standard guidelines with intravenous, intraarterial or combined intravenous/intraarterial. tPA; experimental intraarterial interventions were performed when consented patients were eligible according to Institutional Review Board-approved research protocol.
Neurological status was assessed on patient's arrival and discharge from hospital using the National Institutes of Health Stroke Scale (NIHSS) by a neurologist who was not aware of the purposes of this study. Neurological deterioration or improvement was defined as an increase or decrease of Ն4 points on the NIHSS score. Modified Rankin scale (mRS) was used to assess clinical outcome at 90 days. We defined poor outcome as mRS Ն3 points or death.
Statistical analysis was performed with the use of the software Analyze-it 1.67. Statistical significance for intergroup differences were assessed by the 2-tailed Fisher's exact test or 2 
Results
Of a total of 763 consecutive acute stroke patients who underwent emergent transcranial ultrasound examination, 73 (9.6%) presented with a posterior circulation stroke. Of these 16 (2.1%) had a documented BA occlusion on PMD-TCD (3 women; mean age, 65). Mean time from symptoms onset to ultrasound examination was 8.5 hours and median baseline NIHSS was 8 (range, 0 to 29) points. All TCD-PMD tests were performed and interpreted at bedside within 10 minutes after initiation of ultrasound examination. BA occlusion location was assessed: proximal, 9 patients (56.2%); mid, 4 patients (25%); and distal, 3 patients (18.8%) Of the total 16 patients, 12 underwent DSA, 3 were examined with MRA, and 1 did not receive any additional imaging. In 11 of the 12 patients who underwent DSA, basilar occlusion was confirmed. In the remaining patient who underwent DSA, the study revealed left posterior cerebral artery occlusion without evidence of BA occlusion. In this patient, intravenous tPA was initiated prior to angiography. For the 3 patients who underwent MRA, BA occlusion was also confirmed.
Reversed flow in BA was detected in 8 patients with PMD-TCD. Seven patients (87.5%) presented a proximal occlusion, 1 patient (12.5%) a mid occlusion, and none of them presented a distal BA occlusion. No differences could be observed in the retrograde-flow Doppler spectrum according to occlusion location. Six of these patients underwent DSA. In all of them, reversed BA flow from carotid system was confirmed. One of the remaining 2 patients underwent MRA that confirmed the presence of reversed flow in BA. Angiographic imaging did not show reversed BA flow in any of the remaining patients (ϭ0.87).
Patients with reversed basilar flow on PMD-TCD showed lower NIHSS scores on admission (median, 4 versus 16; Pϭ0.009) and on discharge (2 versus 22; Pϭ0.03) and were less likely to present neurological deterioration (nϭ0 versus 4; Pϭ0.05) or poor outcome (mRS at 3 months, 1 versus 4; Pϭ0.07) (Table) .
Discussion
Our study showed that PMD-TCD can be used for quick and reliable detection of BA occlusion and flow reversal in its distal portion. This finding indicates collateralization of flow through the posterior communicating arteries and accounts for lower NIHSS scores at baseline. These patients also had better outcomes at 3 months.
Previous studies showed limited feasibility and low sensitivity of TCD in BA occlusion compared with CT angiography. 15 Because of its ability to simultaneously display the power and direction of the blood flow signatures over a wide range of depth, PMD-TCD facilitates location of transcranial window and rapid vessel identification 16 and thus may be useful in detection of distal basilar flow. The screening of a wide range of depths also permits simultaneously display of the flow patterns in proximal and distal BA, showing at the same time the occlusion signatures and the reversal flow (Figure 2) .
It seems counterintuitive that a reversed flow distal to occlusion has low resistance. This reversed flow develops because of a pressure gradient. During a cardiac cycle, there is never enough pressure to push flow into a completely occluded vessel. However, if occlusion develops in the proximal basilar, a pressure gradient develops between carotid circulation and posterior cerebral arteries, superior cerebellar arteries, and perforating vessels. If a thrombus or embolus in the proximal BA does not completely occlude basilar all the way immediately, the patient has a chance to recruit posterior communicating arteries and deliver blood from carotids via the reversed basilar stem to parts of the cerebellum and smaller distal basilar branches. This collateral flow reaches the low-resistance system of cerebellar and brain stem parenchyma, and that is why it has good diastolic frequencies and low-resistance signatures on Doppler. Identification of low-resistance flow moving toward the probe, ie, reversed basilar at 80 to 100 mm, thus indicates continuing perfusion of vital brain structures and explains often partial deficits despite the presence of a proximal basilar obstruction.
Previous studies demonstrated that length of basilar occlusion and state of collaterals determined by DSA are independent variables affecting survival. 10 Our study showed that similar information can be obtained rapidly and noninvasively. Identification of reversed flow in distal BA with PMD-TCD was associated with lower baseline stroke severity and better outcome. On the other hand, in patients in whom collateral flow cannot be established after acute BA occlusion, stroke severity and risk of neurological deteriora- There are some potential limitations related to the application of PMD-TCD. First, although this procedure seems to improve some limitations of conventional TCD in obtaining a proper sonographic window, this technology is still likely to require skilled operators. The presence of other retrogradeflow signatures such as venous vessels or the superior cerebellar arteries could be misinterpreted by an inexperienced technician as a reversed BA flow. The absence of an antegrade arterial flow, the presence of a proximal signal compatible with BA occlusion, and a positive carotid tapping test help to rule out pitfalls. Second, because of the design of this study, real sensitivity of PMD-TCD in detection of BA occlusion compared with DSA cannot be assessed. New prospective studies with different inclusion criteria should be initiated to answer this question. In addition, the capability of this new system to assess very relevant issues in terms of clinical outcome as the length of the retrograde perfused portion or the length of the occlusion should also be tested.
In conclusion, identification of reversed flow in distal BA with PMD-TCD can be accurately performed at bedside, and this finding is associated with lower stroke severity and better outcomes.
